Abstract: Some poly(alkylene dicarboxylate)s, derived from ethanediol or 1,4-butanediol and different diacids, have been synthesized and analyzed by DSC to determine the correlations existing between the thermal properties and the length of the aliphatic chain. The polymers show crystallization and melting temperatures and enthalpies which increase as the polymethylene segments lengthen, due to the formation of more stable crystals. The samples derived from ethanediol are peculiar; they show reorganization processes during the melting and the melting temperatures are notably higher with respect to those of the other polyesters. This behavior is discussed. Isothermal analysis highlights that poly(alkylene dicarboxylate)s are fast crystallizing polymers. The Avrami analysis suggests a crystallization mechanism characterized by heterogeneous nucleation and three dimensional growth; secondary crystallizations is present only in the samples characterized by short -(CH 2 )-sequences, due to the reorganization of less perfect crystalline forms. A comparative study between the crystallization rates as a function of the undercooling is reported.
Introduction
Aliphatic polyesters derived from diols and dicarboxylic acids are described by the formula and indicated with the general name of poly(alkylene dicarboxylate)s. These are a group of polymers of increasing interest for different reasons [1] . Firstly, their physical and chemical properties are comparable with those of some extensively used polymers, such as polyethylene (PE) and polypropylene (PP), but, with respect to the synthetic polymers produced from petrochemical processes starting from nonrenewable resources, aliphatic polyesters derive from renewable resources and offer the opportunity for easy recovery of the monomers. Secondly, thanks to their biocompatibility and biodegradability, they are attracting considerable attention from the viewpoint of environmental protection, resource recycling, and applications in numerous fields, such as biomedics.
For example, these polymers have favorable features for agricultural applications, for mulching films, degradable pots for plants, etc., in other words in applications where the materials have to last for a short period of time, or for compost preparation, along with other organic wastes. Moreover, they can be used in medicine, for sutures and reabsorbable implants.
For these major reasons, the number of patents and publications on the synthesis, characterization and chemical modification of these polymers has increased significantly over the last years, indicating a real interest of the scientific community and industries in their study and development. Poly(alkylene dicarboxylate)s are now becoming commercially available and are gradually increasing in number. The polymer derived from ethylene glycol and/or 1,4-butanediol and adipic acid and/or succinic acid is commercialized under the trade name of BIONOLLE; aliphatic aromatic copolyesters (EASTAR BIO and ECOFLEX) and poly(ester amide)s (BAK) are also industrially produced [2] [3] [4] . At the same time, new poly(alkylene dicarboxylate)s derived from long chain aliphatic diols, available from natural products, (for example, with x=12, 22 or 44) have been synthesized and characterized [5] [6] [7] .
With regard to the studies of the properties of the poly(alkylene dicarboxylate)s, it has been found that, in spite of their linear and simple chemical structure, the correlations between chemical composition and properties are very complex [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Depending on the number of methylene groups, important differences in crystalline structure and morphology have been observed. Indeed, in literature it is reported that the length of the aliphatic chain in aliphatic or aliphatic-aromatic polymers is a key parameter in determining structural and thermal properties. For example, in the series of aromatic polyesters, the melting point decreases considerably from 276 to 234 and 156 °C for poly(ethylene terephthalate), poly(tetramethylene terephthalate, and poly(hexa methylene terephthalate) (2,4 and 6 methylene units, respectively) [21] . In the liquid crystalline polymers, the length of the methylene spacers induces important variations in the transition temperatures [22] [23] [24] . Therefore, it seems particularly important to define the dependence of the thermal properties of poly(alkylene dicarboxylate)s from aliphatic chain length, especially because this kind of study is scarce in literature [25] [26] [27] [28] [29] . Moreover, knowledge of the crystallizability of a material is notably significant for processability, applicability, and biodegradability.
In the light of these observations we have continued the work described in two previous papers, devoted to the preparation and characterization of poly(alkylene dicarboxylate)s derived from 1,12-dodecanedioc acid [30, 31] . Now we have prepared other poly(alkylene dicarboxylate)s and studied the relationship existing between aliphatic chain length, crystallizability, and melting behavior. The samples were derived from ethanediol or 1,4-butanediol and different diacids. To simplify the interpretation of data, we have chosen to analyze only samples containing an even number of -(CH 2 )-, in order to avoid the well known odd-even effect on the thermal properties. Some results obtained in the previous work [31] are also recovered and discussed in order to better fit our experimental data and to come to more general conclusions on the thermal behavior of this interesting class of polymers.
Results and discussion

Nonisothermal analysis: crystallization and melting processes
The polymers, obtained with good yields, are described in Table 1 and labeled using the sample code x-y, where x and y indicate the numbers of carbon atoms in the diol and diacid, respectively. The 2-12 and 6-12 samples were synthesized and studied in ref. 31 . The 1 H NMR spectra confirm the structures of all the samples and the average molecular weights (M w ) are high, varying in the range from 47000 to 93000 g/mol.
Tab. 1. Weight average molecular weight (M w ), molecular weight distribution (M w /M n ) and thermal analysis data for the analyzed samples. The thermal analysis has been carried out by DSC in nonisothermal and isothermal conditions. Figures 1 and 2 show the DSC curves (cooling and 2 nd scans) obtained in nonisothermal conditions for all the synthesized samples. During the cooling scan the crystallization temperature (T cc ) and the enthalpy of crystallization (ΔH cc ) were measured; during the 2 nd scan the melting temperature (T m ) and the enthalpy of fusion (ΔH m ) were determined. The calorimetric data are collected in Table 1 , where also the data measured previously on a high density polyethylene sample [31] are reported in order to better discuss the trend obtained.
In a first analysis, the materials appear to be semicrystalline, like the other samples of the same family already described in literature. They are characterized by a crystallization peak, occurring during the cooling scan from the melt, and a melting process, occurring in the 2 nd heating scan. It is noteworthy that the samples prepared from ethanediol (2-y series) show a different thermal behavior with respect to the samples prepared from 1,6-hexanediol (6-y series). Indeed, in Figure 1 the changes in T cc as a function of the -(CH 2 )-content are larger for the 2-y than for the 6-y samples. Moreover, from Figure 2 it is evident that the 2-y samples always show a double melting peak, whereas the 6-y samples present only a single melting endotherm, which becomes very narrow and intense with the lengthening of the aliphatic chain. Multiple endotherms have been observed in literature on some samples belonging to the 2-y series; for 2-2 and 2-4 samples [27, 29] the thermal behavior has been discussed in terms of melting and recrystallization processes. The same results have been obtained for 2-12 by DSC analysis [31] . Indeed, this is behavior typical of numerous other polyesters [32, 33] . Only for 2-10 was the complex melting process associated with the presence of two polymorphic forms by Keith [10] . Figure 3 shows the T cc and T m data (see Table 1 [19] , i.e. T m increases with the increment of the number of the -(CH 2 )-groups in the diacid unit. The same behavior is reported for some other poly(alkylene dicarboxylate)s by Wunderlich [32, 34] . In particular, Wunderlich compares the changes in melting temperatures with the chemical structure for different classes of linear macromolecules containing -(CH 2 )-sequences. The typical trend is that melting temperatures tend towards the melting temperature of polyethylene with an increasing number of methylenes in the repeating unit. Therefore, in polymers with a high melting point, above the T m of PE, (for example, in polyamides, polyureas, and polyurethanes) T m decreases as the methylene number increases. On the other hand, in polymers with low T m , below the T m of PE, (for example, in aliphatic polyesters or polyoxides with sequence length of six to ten -(CH 2 )-groups) T m increases with the lengthening of the aliphatic chain. This behavior is justified by considering that in samples where the crystal structure of PE is feasible, this arrangement is the most stable. Therefore, for poly(alkylene dicarboxylate)s, which have T m <140 °C, the rise of T m vs. -(CH 2 )-number can be justified by considering that the ester functionalities present along the chain are defects in the polyethylene backbone. As the distance between two ester groups lengthens, the number of defects decreases, more perfect crystals can be formed, the structure, in terms of both molecular conformation and intermolecular packing, tends to that of PE, and T m increases.
From Figure 3 another important observation emerges: two different trends for T m and two different trends for T cc have been obtained. Whereas the crystallization and melting temperatures of 6-y samples fit those of x-12 samples very well, suggesting a probable general trend for poly(alkylene dicarboxylate)s, the 2-y samples have a different behavior. Indeed, their T cc and T m data are notably higher with respect to those of other samples with the same number of -(CH 2 )-.
Numerous papers deal with the peculiar structural and conformational characteristics of the polyesters belonging to the 2-y series, i.e. the series of polymers with a short aliphatic sequence, at least in the diol [9, 10, 12, 35, 36] . In these samples the most stable conformation is found to be that which contains kinks, made up of gauche bonds (G and G') of opposite sense separated by one or more trans (T) bonds [12] . Examples of the location of the gauche bonds in some polyesters, represented in planar zigzag conformation, are shown in Figure 4 . 2-8 is described in ref. 12 ; analogously we hypothesize the conformations of 2-10 and 2-12. The stability of the kink conformation is mainly due to the modest intramolecular energy penalty for kink formation and to the good intermolecular packing for some kink locations. By lengthening the aliphatic chain, the all trans planar zigzag conformation, typical of polyethylene, is favored. As a consequence, it is expected that all the samples belonging to the 2-y series show kink conformations, at least in the diol, whereas some of the 6-y samples, containing long aliphatic sequences, are characterized by all trans conformation. Fig. 4 . Schematic representation of some polyesters, shown in planar zigzag conformation. The location of the kinks, as proposed in literature [12] , are indicated by G, T, and G' symbols.
Therefore, the 2-y samples are distinguished from the others for the short distance between ester groups and the presence of kinks. These two characteristics may both influence the chain packing and the crystal stability. In particular, kinks are related to good intermolecular packing and, thus, tend to stabilize the crystals. The high density of ester groups can have two different and opposite effects on the crystal stability.
Indeed, we have already discussed that the ester groups act as defects along the chain, inducing a low degree of crystal perfection. However, the polar groups can also favor the intermolecular interactions and thus better stabilize the crystal structure.
This latter effect is discussed by Wunderlich which observes that -O-CO-(CH 2 ) npolyesters, -O-(CH 2 ) n -polyoxides, and -S-(CH 2 ) n -polysulfides have very high melting temperatures for n=1-2. Then T m go through a minimum, for n~3-4, before rising to the PE melting temperature [32] . In these cases the space between polar groups is really short: the intermolecular interactions may induce favorable packing fraction and cohesive energy to stabilize the crystal structures and induce high T m . Instead, when the -(CH 2 )-sequences lengthen, inter and intrachain methylenemethylene interactions become more likely and the molecules tend to pack in a manner similar to polyethylene.
According to Wunderlich, Ueda et al. [35] observe that the peculiar chain conformation of 2-2 determines crystal structure where a dipole moment arrangement, due to the ester groups, seems to stabilize the crystal lattice and hence contribute to the high melting point of the polymer (T m =172 °C). In 2-4 the concentration of ester groups decreases, the cohesive energy due to the dipole interaction in the crystal strongly decreases and T m becomes 102 °C.
Therefore, the stability of the crystals of the 2-y samples and their high melting temperatures can be discussed in terms of different effects connected to their peculiar structural and chemical characteristics.
Concerning the 6-y series, it consists of: i) samples, with short -(CH 2 )-sequences, characterized by kinks and/or polymorphic forms (6-6 [12], 6-8 [19] ); ii) samples characterized by all trans conformation and absence of polymorphic forms (6-10 [12], 6-12 [19] ). In any case, the influences of ester groups tend to be suppressed due to the lengthening of polymethylene segments as in the case of x-12 samples and, therefore, the trend of T m vs. -(CH 2 )-number ( Figure 3 ) can be fully justified.
As regard the T cc trend reported in Figure 3 , comments on the crystallization rates can be more correctly made by observing the results of the isothermal experiments in DSC, discussed in a subsequent section. [5] .
If the ester groups are considered defects for the crystal architecture, the presence of a certain amount of defects induces a rapid decrement of crystallinity. Wunderlich [32] , for example, observes that macromolecules with short repeating units (such as PE and PP) cannot tolerate a large number of noncrystallizable units before completely amorphous material results. This confirms that long aliphatic sequences improve the characteristics of the crystalline state, in terms of temperature and heat of fusion, i.e. in terms of crystal perfection and level of crystallinity.
Equilibrium melting point
The equilibrium melting temperature T m°, i.e. the melting temperature of lamellar crystals with an infinite thickness, is a parameter which must be determined to analyze crystal growth kinetics. Extrapolative methods are used to estimate T m°; among them, the Hoffman-Weeks method [37] has been commonly used and accepted, mainly because of its simplicity. It analyzes the dependence of the melting temperature of crystals grown at the isothermal crystallization temperature T c on T c , through the relationship:
where T m is the experimental melting temperature and γ is a factor that depends on lamellar thickness. Some examples of the melting processes, observed after isothermal crystallization, for 2-8 and 6-8 samples are shown in Figure 5 . A single endothermal peak is always observed for 6-8 and, in general, for 6-y samples. On the other hand, a multiple and complex melting behavior is typical of all the 2-y samples. For these reasons the extrapolation procedure is not complicated by an interpretation of the melting behavior only for 6-y samples. The 2-y samples, as discussed above, have a double melting peak due to the reorganization of their imperfect crystals during heating, triggering the melting-recrystallization process. Thus, in the extrapolation procedure we use the T m value of the lowest melting peak, as it refers to the fusion of crystals indeed grown at T c .
Moreover, in order to obtain significant T m° data, the lamellar thickness has to be small, defined and maintained at each T c . These conditions are obtained in the T c range where the slope of T m vs. T c plot is close to 0.5. From an experimental point of view, this corresponds to a narrow T c range and short crystallization times (t c ), in order to obtain low crystallinity levels. Therefore, to determine T m°, the crystallization conditions (T c and t c ) were carefully chosen, mainly in terms of very small t c . The Hoffman-Weeks extrapolations are shown in Figure 6 . In spite of the difficulties in optimizing the procedure to calculate T m° and in obtaining significant extrapolated values, the final data are summarized in Table 2 . 
Tab. 2.
Equilibrium melting temperature data and characteristics of the extrapolation curves shown in Figure 6 (slope and correlation coefficient, r 2 ). The T m° values increase as the number of the methylene units increases, for both the 2-y and 6-y series. However, in Figure 7 the significant difference between the two series is confirmed. Indeed, in this figure we have reported not only the data shown in Table 2 , but also the T m° data obtained in a previous work on the x-12 samples [31] . As already obtained in Figure 3 , it is notable that the T m° values of the 6-y samples fit very well the T m° data obtained for other poly(alkylene dicarboxylate)s with long aliphatic chain. This result confirms the highest degree of crystal perfection 
Samples
Isothermal crystallization analysis
The crystallization process was studied by DSC in isothermal conditions, by measuring the heat evolved during crystallization as a function of time. The T c range investigated for each sample is fairly limited due to the difficulties in analyzing exothermal processes occurring at rates which are too fast.
The crystallization process was analyzed quantitatively by studying the macroscopic development of the polymer crystallinity by equation (2), obtained from the classical theory of Avrami for phase transformation kinetics [38]:
X t is the crystalline fraction and has been calculated from the ratio of the area of the exotherm peak in the thermogram at the time t c and the total area of the crystallization process. k is the overall kinetic constant, t 0 is the induction time, i.e. the time span before crystallization begins at isothermal crystallization temperature (T c ). n is an exponent whose value depends on the nucleation process and on the geometry of the crystals. K and n are determined respectively by the intercept and the slope of the straight line obtained in the plot of ln[-ln(1-X t )] versus ln (t-t 0 ) (Avrami plot). Figure 8 shows some examples of the double logarithmic plot for the 2-8 and 6-8 samples.
For the 2-y samples, deviations from linearity are found at higher conversion degrees (>75%), confirming the results previously obtained for 2-12 [31] . Deviations from linearity are frequently reported for crystallinities above 50% and attributed to secondary processes, such as increment of crystallinity, rejection of noncrystallizable portions of macromolecules and crystal perfectioning [34] . The presence of rearrangements of the crystalline phase was already observed in the 2-y samples during the double melting process in DSC scan (Figures 2 and 5 ) and can be associated with the peculiar conformational characteristics and the high density of ester groups. The 6-8, 6-10, and 6-12 samples, instead, show linearity from the beginning to the end of the crystallization, as shown in Figure 8 . The absence of a secondary process can be interpreted as the achievement of the maximum level of crystal perfection possible under the crystallization conditions used. This interpretation is in agreement with the observed capability of the poly(alkylene dicarboxylate)s to attain a high degree of crystallinity and crystal perfection. The fact that the 6-y samples with short aliphatic chains, like 6-4 and 6-6, show a secondary crystallization process confirms that the presence of short -(CH 2 )-segments induces distorted planar conformation and less perfect crystalline forms.
As regards the crystallization mechanism, it is useful to analyze the Avrami exponent, whose values are reported in Table 3 , which collects the isothermal data for the samples synthesized for this work. The data of 2-12 and 6-12 samples have been previously reported [31] . All the samples present n data around 2.5-3.5 which are typical of heterogeneous nucleation and three-dimensional growth. Similar values are reported in literature for aromatic polyesters [32, 39] , aliphatic polyesters [26, 29] and PE homopolymer [34] .
Tab. 3.
Crystallization half time (t 1/2 ), Avrami exponent (n) and Avrami constant (k) determined by DSC at various T c .
Samples To compare the crystallization rates, the crystallization half-time (t 1/2 ), defined as the time at which the polymer reaches a crystalline fraction equal to 0.5, has been used. This value was obtained by subtracting the induction time (t 0 ) from the crystallization time. In particular, the reciprocal of t 1/2 is proportional to the crystallization rate. Crystallization rate (1/t 1/2 ) as a function of the undercooling (ΔT) for some aliphatic polyesters, aromatic polyesters and PE. The 2-12, 2-10, 6-10, 6-4 and PE data are experimentally obtained by the authors of this paper; PBT, PTT and PET data are from literature [40] . Figure 9 describes the trend of (1/t 1/2 ) as a function of the undercooling ΔT =(T m°-T c ) for some poly(alkylene dicarboxylate)s (2-12, 2-10, 6-10 and 6-4), for PE and for some polyterephthalates: poly(ethylene terephthalate), PET with M w =68400, poly(trimethylene terephthalate), PTT with M w =78400, and poly(tetramethylene terephthalate), PBT with M w =77400 [40] . Only the portions of the crystallization rate curves at low ΔT and high T c , near the melting point, are detectable by DSC and reported. This figure can be very useful in order to give an idea about the crystallization rate of the poly(alkylene dicarboxylate)s. Indeed, it is clearly shown that the aliphatic polyesters are very fast crystallizing polymers, with a crystallization rate comparable, and sometimes higher, than that of polyethylene. On the other hand, the aromatic polyesters have a significantly slower crystallization rate.
Moreover, from Figure 8 it may also be seen that for polyterephthalates the crystallization rate is strongly dependent on the number of methylene groups present along the chain. By increasing the -(CH 2 )-number, from PET to PBT, the chain becomes more flexible and the crystallization process more rapid. Indeed, the effects of chain flexibility on glass transition temperature, crystallization rate, and melting temperature are decisive in numerous other aliphatic-aromatic structures, such as poly(alkylene 2,6-naphthalate)s [41] . Instead, it is notable that for poly(alkylene dicarboxylate)s the increment of chain flexibility with increasing number of methylene units does not play a major part in determining the crystallization rate. For example, Figure 9 shows that the 2-y series crystallizes more rapidly than the 6-y series, in spite of the shorter polymethylene sequences present in the samples derived from ethanediol. Moreover, the complexity of the crystallization behavior of the poly(alkylene dicarboxylate)s here studied can be better seen in Figures 10a and  10b , where the crystallization rate of the samples belonging to the two series is separately reported as a function of the undercooling. In Figure 10a it may be seen that for 2-y samples the crystallization rate increases as the polymethylene sequence lengthens. Even if this behavior seems connected to an increment in chain flexibility, however, the very high crystallization rate of these polymers must be explained. Perhaps it is due to the peculiarity and stability of the crystalline structure. Moreover, the presence of polymorphisms also has to be taken into account. For example, for the 2-10 sample Keith [10] describes a crystalline form stable over the range 59-65 °C in crystallization temperature (corresponding to the T c range here investigated) and a metastable polymorphic form which grows at lower T c . These latter crystals show a growth rate about twice that of the stable form crystals. Therefore, the X-ray diffraction analysis would be highly significant in better understanding the crystallization rate data.
For the 6-y series (Figure 10b ) there is no increment of the crystallization rate with the lengthening of the aliphatic chain. Indeed, the crystallization rate increases from 6-4 to 6-10, 6-12, 6-8, and 6-6. In this case, it is evident that the chemical structure does not have a clear effect on the crystallization kinetics. Therefore, again, an attempt to understand this peculiar behavior must include an investigation on the structural characteristics of the samples and on the presence of polymorphisms. This analysis is now in progress and will be the objective of a future paper.
Conclusions
In this study correlations between chemical structure and thermal behavior for some poly(alkylene dicarboxylate)s, belonging to the 2-y and 6-y series, have been studied. In particular, it has been found that the melting temperatures and enthalpies rise considerably as the -(CH 2 )-number increases, due to the formation of more perfect and stable crystals.
However, the 2-y samples are distinguished due to their peculiar behavior. They present a double melting peak and have much higher crystallization and melting temperatures with respect to those of the polyesters with the same methylene number. The reason for this behavior is closely connected to the chain conformation, chemical and structural characteristics of these materials. Indeed, the high density of ester groups are defects for the crystals: correspondently the polymers have low level of crystallinity and show reorganization processes of the crystals during the isothermal crystallization and melting process. However, the crystals are stabilized by the presence of kink conformations and dipole-dipole interactions between chains. For these latter effects, the crystal structure is stabilized and thus the melting temperature and the equilibrium melting temperature are notably high. By lengthening the aliphatic chain the effects of ester groups are suppressed.
Through DSC isothermal analysis, the high crystallization rate of the poly(alkylene dicarboxylate)s has been highlighted. However, a precise correlation between aliphatic chain length and crystallization rate has not been found, probably due to structural implications.
Experimental part
Materials
Ethanediol (chemical purity 99%), 1,6-hexanediol (99%), 1,4-butanedioic acid (98%), 1,6-hexanedioic acid (98%), 1,8-octanedioic acid (99%), 1,10-decanedioic acid (99%), zinc acetate (99,9%), di-butyl tin oxide (98%), titanium tetrabutoxide (97%) were purchased from Aldrich. 1,8-octanedioic acid (98%) was purchased from Fluka. All the reagents were used as received without further purification.
The solvents used were reagent grade and no further purification was done.
Polyester synthesis
Polycondensations were carried out in a two-stage process, following the procedure described in ref. [30] . All the syntheses were performed with a 20% mol excess of diol with respect to the diacid, in order to decrease the polymerization time and the reaction temperature, and in the presence of 4.0·10 -2 -8.6·10 -2 mmol of catalyst. As a typical procedure the polymerization between 1,6-hexanediol and 1,4-butanedioic acid is reported.
-Synthesis of 6-4 polyester 1,4-butanedioic acid (27.9 g, 0.236 mol), 1,6-hexanediol (30.0 g, 0.283 mol), di-butyl tin oxide (1.59·10 -2 g, 6.37·10 -2 mmol) were placed into a round bottom wide-neck glass reactor (250 ml capacity). The reactor was closed with a three-neck flat flange lid equipped with a mechanical stirrer and a torque meter which gives an indication of the viscosity of the reaction melt. The reactor was immersed into a silicone oil bath preheated to 200 °C. The first stage was conducted at atmospheric pressure and the mixture was allowed to react for 140 min under stirring with continuous removal of water. The second stage was started by gradually reducing the pressure to 0.02 mbar while the temperature was raised to the final value of 240 °C. These conditions were reached within 60 min, using a linear gradient of temperature and pressure, and maintained for 120 min.
Before investigation, the samples were first dissolved in chloroform and then precipitated from methanol for the purpose of purification. After being dried thoroughly under vacuum, the purified materials are white powders.
Molecular characterization
The 1 H NMR spectra were recorded at room temperature on samples dissolved in CDCl 3 using a Varian Mercury 400 spectrometer, the proton frequency being 400 MHz.
Molecular weights (expressed in equivalent polystyrene) were determined by gel permeation chromatography (GPC), using a Hewlett Packard Series 1100 liquid chromatography instrument equipped with a PL gel 5μ Mixed-C column. Chloroform was used as eluent and a calibration plot was constructed with polystyrene standards. The GPC analysis was also used to highlight the presence of cyclic oligomers, whose formation is unavoidable considering that the synthesis is carried out in the melt phase [42] . Indeed, the oligomers are present in the crude samples, but are completely removed by purification [43, 44] .
Thermal analysis
The calorimetric analysis was performed by a Perkin Elmer DSC-7, calibrated with high purity standards. The measurements were performed under nitrogen flow. The samples were analyzed both in nonisothermal and in isothermal conditions. In the former case the samples (10 mg) were heated from -10 to 110°C (1 st scan), kept at 110 °C for 1 min, cooled to 20 °C or -10 °C and then reheated to 110 °C (2 nd scan). The heating rate was 10 °C·min -1 and the cooling rate was 20 °C·min -1 .
Isothermal crystallization experiments were performed as follows: melting at 110°C for 1 min, fast cooling to the selected crystallization temperature T c , isotherm at T c for a time long enough to complete the crystallization process, and heating at 10 °C·min -1 to 110°C in order to observe the melting process. For the determination of the equilibrium melting temperature (T m°) , the isothermal crystallization experiments were performed at T c for short times, in order to reach low levels of crystallinity. The subsequent melting processes were carried out at 10 °C·min -1 to determine the experimental melting temperatures used for the extrapolation procedures described in a subsequent session.
